Objective To evaluate the association between clinical and socio-demographic status and health-related quality of life (HR-QoL) in stroke survivors age 40 and older in the Korean population. Methods The relationship between stroke and HR-QoL was investigated using data from the Korea National Health and Nutrition Examination Survey (KNHANES), conducted from 2007-2012. The total number of respondents was 24,050 and 757 stroke survivors were included. Specifically, we investigated factors associated with the lowering of HR-QoL in a group of Korean adult stroke patients age 40 and older after adjusting for sociodemographic factors, anthropometric measurements, and clinical comorbidities. Adjusted effects of covariates on EuroQol-visual analog scales (EQ-VAS) scores were estimated with a complex-samples general linear model and multivariate-adjusted odds ratios of the lowest quintile versus highest quintile of the EQ-VAS scores in the stroke group were estimated with a complex-samples logistic regression model. Results Socio-demographic, anthropometric factors, and clinical comorbidities significantly differed between the stroke and non-stroke groups, except regarding gender and residential area. The EQ-VAS was significantly lower in the stroke than non-stroke group. Anxiety/depression problems significantly lowered EQ-VAS, as did low education level, smoking, mobility and usual activities problems. Also, aging in 1-year increments and cardiovascular disease had a significant effect on lower EQ-VAS in stroke survivors. Conclusion People with a stroke have significantly lower HR-QoL than healthy subjects. Therefore, managing depression, smoking, or cardiovascular disease and maintenance of physical function may be priority goals in improving HR-QoL after a stroke.
INTRODUCTION
Stroke is a leading cause of adult deaths and a major cause of acquired long-term disability in Korea as well as worldwide [1] . In the past several decades, the age-adjusted mortality rate of stroke has declined because of development in disease intervention and prevention. However, there are still approximately 105,000 Korean people suffering from new or recurrent strokes annually, and the prevalence is likely to continue increasing because of the rapidly growing elderly population [2, 3] . Therefore, the significance of quality of life (QoL) in stroke survivors living longer with stroke sequelae and long-term disability has been emphasized. Concepts in stroke treatment have expanded from decreasing mortality and morbidity to improving the functional level and QoL in stroke survivors [4] .
QoL has been defined by the World Health Organization (WHO) as 'individuals' perception of their position in life according to their purpose, expectations, standards, and concerns within the context of the culture and value system in which they live [5, 6] . In a related concept, healthrelated quality of life (HR-QoL) is a construct that focuses on an individual's subjective perception of health status and consists of physical, mental, and social dimensions [7] .
The national-level studies about this topic have not been conducted sufficiently in the Korean stroke survivor population, widely different from other countries regarding the genetic, socio-economic factors and cultural environments. Therefore, little is known about HR-QoL for Korean patients after strokes. Rehabilitation should play a major role in reducing disability and enhancing HRQoL in stroke survivors. It is critical to evaluate patients' perception of health and their individual concept of disability [8, 9] .
In this study, we investigated the impact of stroke on HR-QoL in Korean adults age 40 and older and the factors associated with HR-QoL in stroke survivors.
MATERIALS AND METHODS

Data collection and subjects
This study was based on data obtained by the Korea National Health and Nutrition Examination Survey (KNHANES), conducted from 2007-2012, which has been conducted periodically since 1998 to assess the health and nutritional status of the civilian non-institutionalized population in Korea. It is a cross-sectional and nationally representative survey, conducted by the Division of Chronic Disease Surveillance, Korea Centers for Disease Control and Prevention (KCDC). The survey used a stratified, multistage probability-sampling design to select respondents within household units. It consisted of a health examination, nutrition survey, and health and behavior questionnaire that included HR-QoL aspects. The survey collected data via household interviews and by direct standardized physical examinations conducted in specially equipped mobile examination centers.
The Institutional Review Board of the KCDC approved the study protocol (IRB no. UC16EISI0085). Participants provided written informed consent before survey administration. Among those participating in the survey between January 2007-December 2012, our study included adults age 40 and older answering 'Yes' when asked if they had stroke symptoms in the self-reported health and behavior questionnaire. For the KNHAES (2007 KNHAES ( -2012 , the number of respondents age 40 and older was 24,050 and a total of 757 stroke survivors were included in this study.
Dependent variable
Measures of HR-QoL: EuroQol-visual analog scale (EQ-VAS)
HR-QoL was evaluated using the EQ-VAS from the EQ-5D questionnaire, developed by the International European Quality of Life Group, to be applied internationally and standardized as a measure of QoL. EQ-VAS is a scale numbered from 0 to 100 (0 is the worst and 100 is the best health status) that allows individuals to place themselves according to how they perceive their overall health status. Individual respondents were shown a demonstration of this scale, received verbal explanation, and were asked to mark an X on the scale and to write the number marked on the scale in the box below to indicate how good or bad their health was at that time.
Independent variable
Socio-demographic factors & health problems Socio-demographic factors evaluated included age, gender, marital status, education level, residential area, household annual income, occupation, and smoking www.e-arm.org status. Subjects were considered urban residents if their address was in Seoul, Busan, Daegu, Incheon, Gwangju, Daejeon, or Ulsan. Education level was classified into four categories: elementary school, middle school, high school, and college or university degree or higher. Household annual income was divided into national quartiles, from Q1 (lowest) to Q4 (highest). Occupation and smoking status were dichotomized as having a current occupation or not and current smokers and nonsmokers, including ex-smokers. Five dimensions of EQ-5D (mobility, self-care, usual activities, pain/discomfort, anxiety/depression), indicating how the subject's health was today, were dichotomized as having problems versus not having problems. Duration after a stroke was divided into '5 years or more' and 'less than 5 years' .
Anthropometric measurements and clinical comorbidities
Body mass index (BMI, kg/m 2 ), waist circumference (cm), and arterial blood pressure were estimated during the health examination survey by trained medical staff following a standardized procedure. Fasting blood www.e-arm.org www.e-arm.org glucose level was measured by an enzymatic method. Diabetes mellitus was defined as a serum fasting glucose level ≥126 mg/dL, use of anti-diabetic medications, or a physician diagnosis of diabetes mellitus, and impaired fasting glucose was defined as a fasting plasma glucose level of 100-125 mg/dL, that were dichotomized as having diabetes mellitus. Hypertension was defined as systolic blood pressure ≥140 mmHg, diastolic blood pressure ≥90 mmHg, or use of anti-hypertensive medications. Arthritis and coronary heart disease (myocardial infarction [MI] or angina pectoris) were defined according to if subjects suffered from pain or the disease at that time of self-reporting.
Statistical analysis
Statistical analyses were conducted using the SAS ver. 9.4 software (SAS Institute Inc., Cary, NC, USA). The pvalues <0.05 were considered statistically significant. Data are presented as estimated mean%±standard error (with 95% confidence intervals [CI]) for categorical variables and estimated mean±standard error (95% CI) for continuous variables. Categorical variables and continuous variables were analyzed by complex-samples descriptive and tabulated methods, respectively. Adjusted effects of covariates on EQ-VAS score were estimated using a complex-samples general linear model (CSGLM) and the multivariate-adjusted odds ratios of the lowest quintile versus the highest quintile of the EQ-VAS scores in the stroke group were estimated using a complex-samples logistic regression model (CSLRM).
RESULTS
Of 24,050 respondents age 40 and older, 757 reported that they had suffered a stroke. The socio-demographic and anthropometric characteristics and clinical comorbidities of the 24,050 respondents are shown in Table 1 Multivariate linear regression analyses of EQ-VAS in the stroke group are summarized in Table 2 . The factors that decreased the EQ-VAS in the stroke group were low education level, smoking, mobility problem, usual activities Multivariate-adjusted odds ratios (ORs) of the lowest quintile of the EQ-VAS score for the highest quintile in stroke group are shown in Table 3 . A subgroup analysis for respondents in the stroke group was conducted to examine the impact of covariates on lowering EQ-VAS. The 
DISCUSSION
Due to the increasing significance of HR-QoL as an indicator of stroke outcomes, several utility measures have been introduced to assess patient-reported health status, including the EQ-5D, a standardized, simple, and generic measure of health perception consisting of a descriptive system with five dimensions and an EQ-VAS. Validation of EQ-5D in Korean populations has been demonstrated in other studies [10] . Previous studies have revealed that several factors including age, sex, functional status, socioeconomic status, psychomotor impairment, and medical comorbidities influence HR-QoL in stroke survivors [11] [12] [13] . However, there is no consensus on the factors affecting HR-QoL. Studies about HR-QoL of stroke patients in Korean populations are also insufficient, of greater significance considering that genetic factors, socio-economic, and cultural environments differ among countries. From previous studies, we established the hypothesis that HR-QoL in stroke survivors is influenced by a complex interplay between the stroke, clinical risk factors or comorbidities, and socio-economic status.
This study, using representative information based on a large population-based, cross-sectional, nationally representative survey, demonstrated that the EQ-VAS score in the stroke group age 40 and older was significantly decreased compared to the non-stroke group in Korean adults. Results revealed that factors lowering HR-QoL in the stroke group included education level, smoking, mobility, usual activities, anxiety/depression and cardiovascular disease, such as angina or MI, but not gender, marriage, residential area, income, occupation, BMI, self-care degree, pain problems and other medical comorbidities (diabetes, hypertension or arthritis), after adjusting for covariates. Previous studies have indicated that low socio-economic status, such as low education level and low income, is associated with low HR-QoL [14, 15] . Low socio-economic status may place individuals at risk with poorer health for various reasons, such as less access to healthcare, poorer living conditions, less knowledge about the negative consequences of healthcompromising behavior, and greater psychological stress. This has been reported in association with stroke and for other chronic diseases, such as cancer and coronary heart disease [16] . Depression is a known modifiable factor that has been associated with low HR-QoL in stroke survivors in many studies [17] [18] [19] . Post-stroke depression is a common psychological complication in stroke survivors and is a barrier that prevents them from recovering from neurological deficits and improving functional outcomes. The influence of age or sex on HR-QoL in stroke survivors has remained inconclusive. Some studies reported that female stroke survivors have lower HR-QoL and functional recovery compared with males [20] [21] [22] [23] . Conversely, Jun et al. [15] said male stroke survivors revealed poor HR-QoL than females. In our study, aging by a 1-year increment had a significant effect on lower EQ-VAS. Mobility and usual activity domains are key factors in performing independent functions and play critical roles in determining the quality of life after strokes. Our study revealed that mobility or usual activities problem were associated with lower HR-QoL of stroke survivors. Previous studies also had similar results that stroke patients with limitations in mobility and usual activities were the most likely to have the lowest scores of HR-QoL [24] . Cardiovascular disease known to be major cause of stroke, such as Angina or MI, was associated with the lowest quintile of EQ-VAS score in stroke patients. However, other medical comorbidities, except cardiovascular disease, were not significantly associated with lower HRQoL in the stroke group. Therefore, in stroke survivors managing cardiovascular disease is expected to prevent www.e-arm.org recurrent stroke and lower HR-QoL after a stroke. In this study, current smoking status is a major modifiable factor associated with low HR-QOL of stroke patients. It is consistent with results of several previous studies [25] [26] [27] [28] [29] . Interestingly, in the population without strokes, the self-rated subjective health score of current smokers was rather higher than the non-smokers group [30] . There were two reasons to explain these contradictory results. First, smoking affected so many factors that may act as potentially confounding variables. Another reason is that unless smoking directly damages their health, relatively healthy smokers may not believe that smoking endangers their health state despite public health warnings. However, if they suffer from a major disease such as a stroke, disease survivors would agree smoking is detrimental to one's health, and they think that their health state is worse than non-smokers or former smokers that successfully quit smoking. This fact indicates that many stroke survivors probably want to stop smoking, but there are barriers to smoking cessation. In other studies, environmental factors such as family smokers and barriers of addiction and boredom played a central role in persistent smoking [31] . Therefore, a medical team and health ministry should more actively provide smoking cessation programs to stroke survivors and support public funding if necessary. Additionally, stroke survivors and their caregivers should receive counseling for smoking cessation.
The important thing in managing HR-QoL of stroke survivors is to control the modifiable factors, i.e., smoking state, depressive mood, mobility or usual activities problems, and cardiovascular disease. Therefore, rehabilitation for stroke patients should be enforced in a direction that may compensate for these modifiable factors and minimize disability. In addition, a welfare policy for aged stroke patients or stroke survivors with low socioeconomic class to receive proper rehabilitation treatment is needed.
To our knowledge, this is the first study that investigated the association between widely varied variables and HR-QoL of stroke survivors using KNHANES, which was large and powerful data set in Korea and conducted by the KCDC that has public confidence and a wellstructured method. The examined variables considered socio-economic, welfare and medical aspects together. Our study was based on representative information collected in a nationwide population with a high response rate, which also had several limitations. It was a crosssectional survey and causal relationships could not be determined. We did not assess all medical comorbidities or functional status that may affect HR-QoL of strokes, because it was not a survey only about strokes. However, this study examined several comorbidity covariates that are risk factors for cerebrovascular diseases or hinder daily activities.
Results revealed that most of medical comorbidities, except cardiovascular diseases in CSLRM, had no statistically significant association with lowering HR-QoL of stroke survivors in Korean adults. This indicates that clinicians should not overlook emotional factors such as anxiety or depression, and daily usual activity function. Indeed, stroke patients may need more functional and emotional support beyond treatment of their chronic disease.
In conclusion, people that have had a stroke have significantly lower HR-QoL than healthy subjects. Therefore, managing depression or anxiety, smoking and cardiovascular problems and maintenance of physical function may be a priority goal for improving the HR-QoL of stroke survivors in Korean adults.
